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Centrally acting anticholinergic drug trihexyphenidyl
is highly effective in reducing nightmares associated with
post- traumatic stress disorder
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Abstract

Introduction: Following a case study on scopolamine butyl bromide, an anticholin-
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ergic drug, we studied the effect of a central anticholinergic drug on post-traumatic
stress disorder (PTSD)-related flashbacks and nightmares.

Methods: We administered trihexyphenidyl (TP) to 34 patients with refractory PTSD-
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who had previously received psychiatric treatment for approximately 2-15 years,
without therapeutic benefits. The effect of TP was determined using the Clinician-
Administered PTSD Scale (CAPS) and the Impact of Event Scale-Revised (IES-R).
Results: Overall, most patients reported an improvement to none or mild on the
CAPS for nightmares (88%) and flashbacks (79%).

Conclusion: This study is the first to demonstrate the potential efficacy of TP in the
treatment of refractory PTSD-related nightmares and flashbacks. Further double-
blind, randomized control trials are needed to explore the potential clinical benefits
of TP in PTSD.
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1 | INTRODUCTION

approximately 3.3%, which is relatively lower in other countries (ap-
proximately 0.5%-1.0%). Foa et al. (2009) reported that the lifetime

Post-traumatic stress disorder (PTSD) is an anxiety disorder that
can develop after a traumatic event (e.g., car accidents, violence,
and sexual abuse). The fifth edition of the Diagnostic and Statistical
Manual of Mental Disorders (DSM-5™) by the American Psychiatric
Association (2013) lists 27 symptoms as diagnostic criteria for PTSD.
Among these symptoms, nightmares and flashbacks are considered
hallmarks. The DSM-5 states that in the United States, the projected
lifetime risk of PTSD based on the DSM-5 criteria at 75 years of age
is 87%,; its 12-month prevalence for adults in the United States is

prevalence of PTSD was 1.4% in women and 5% in men. However, it
varies across countries and is affected by various cultural and envi-
ronmental differences (Atwoli et al., 2015).

Nightmares are typically lengthy, story-like sequences of
dream-based imagery that seem real and incite anxiety, fear, or
other dysphoric emotions (American Psychiatric Association, 2013).
Nightmares that occur after traumatic experience may replicate
threatening situations. They occur almost exclusively during rapid
eye movement (REM) sleep (Pagel, 2000), whereas dreams occur
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during all stages of sleep. Although nightmares are common, recur-
rent nightmares are the most well-defined symptoms of PTSD; they
differ from night terrors, which are arousal disorders that occur
most frequently in children (Van Horn & Street, 2019). Schoenfeld
(2012) reported that sleep disturbance is among the most com-
monly reported symptoms of PTSD. Despite the progress in the
development of more specific treatments for sleep disturbance
in PTSD, insomnia and nightmares have not been fully resolved.
Nielsen (2017) partially described the onset mechanism of night-
mares; stress acceleration due to nightmares and alterations in
normal emotion regulation (Gross, 2008) lead to increased fear sen-
sitivity and decreased fear extinction.

The mechanisms underlying flashbacks and nightmares have not
yet been elucidated, and several classes of drugs, including antide-
pressants and antipsychotics, are used to treat PTSD. Ishikawa et al.
(2019) reported that memantine (an NMDA receptor antagonist) has
a neurogenesis-enhancing effect; it reduces traumatic memories
and improves PTSD-like behavior in mice, including avoidance and
anxiety-like behavior. Ramaswamy (2015) reported that memantine
administration to 26 veterans with PTSD and cognitive impairment
for 16 weeks resulted in a significant improvement in RBAN (a mea-
sure of attention, language, visuospatial skills, and immediate and
delayed memories). However, there was no reduction in the recur-
rence rates. Sasaki et al. (2013) reported that ifenprodil, a neuro-
protective agent that binds to the GIuN2B subunit of the NMDA
receptor, was effective against PTSD-related flashbacks, and it im-
proved the flashback symptoms by 60% after 3 weeks of adminis-
tration. Morikawa et al. (2018) suggested that KIF21B, a molecular
motor, mediates fear extinction, which provides a new avenue for
novel treatments for PTSD.

In 2009, we encountered Patient A, a 21-year-old female pa-
tient who had suffered severe R-PTSD-related flashbacks and
nightmares for 9 years. The patient showed no response to long-
term polypharmacotherapy with conventional drugs. Patient A
was diagnosed with bacterial diarrhea at another hospital based
on abnormal pain and was administered a drip infusion contain-
ing antibiotics and scopolamine butyl bromide (SB), which is a
peripheral anticholinergic (Wick, 1951). SB had a low blood-
brain barrier (BBB) penetration rate (0.01%) in rat experiments
(Wahl, 1984; Boehringer Ingelheim Co., Ltd., in-house document).
Remarkably, severe flashbacks resolved approximately 20 min
after SB administration. This clinical finding is typically highly
unexpected. SB does not readily cross the BBB; however, due
to the refractory nature of her symptoms and the ineffective-
ness of her previous treatment, the patient requested additional
treatment. After explanation and obtaining patient consent, the
drug was changed to trihexyphenidyl (TP), a central anticholin-
ergic drug released 66 years ago, which has a greater BBB per-
meability than SB. Acetylcholine (ACh) is a widely distributed
neurotransmitter that regulates the limbic and reticular activat-
ing systems involved in sleep and nightmares (Mesulam, 2013).
Anticholinergic drugs, however, have not been widely tested for

PTSD or specifically examined for treating PTSD nightmares and

flashbacks. Based on the experience of Patient A, we explored
the potential use of TP as a novel treatment for PTSD-related

nightmares and flashbacks.

2 | RESULTS

Based on our experiences with Patient A, we enrolled patients
with PTSD-related nightmares and flashbacks in an open-label and
single-blind study series to evaluate the potential therapeutic ef-
fect of TP. No adverse effects other than a floating feeling during
the early days of administration (n = 2) were observed. Most pa-
tients were stabilized 2-3 weeks after TP administration, but the
symptoms of PTSD (primarily nightmares and flashbacks) wors-
ened upon encountering stress similar to past traumas. Therefore,
TP was administered as a single dose after the initial treatment
period, when needed.

Because of the small overall sample and exploratory nature of
this study, we present the results from all patients in aggregate. A
total of 34 participants were treated in a single-blind (n = 12) and
open-label (n = 22) study. Medical observations were performed
over 9 years before this study. The Clinician-Administered PTSD
Scale (CAPS)-5 subscores (Weathers et al., 2013) and IES RR were
calculated before and after treatment.

2.1 | Effect of TP treatment on
nightmares and flashbacks

Within 2 weeks of treatment, we observed a notable effect on
nightmares and flashbacks (Table 1). We found that after TP admin-
istration, the patients experienced improvement within 2-3 days.
Improvement in CAPS and IES-R scores was tested using the
Wilcoxon signed-rank-sum test, which showed a significant impact
of TP (Table 2). Across both studies, the mean B2F (nightmare fre-
quency) improved from 3.24 (several times a week, almost daily)
before treatment to 0.45 (never, once, or twice a month), and this
improvement was significant in both studies (single-blind p = .001;
open-label p < .001). Similarly, the mean B2l (nightmare intensity)
improved from 3.45 (severe, extreme) before treatment to 0.56
(none or mild) after treatment (single-blind p = .001; open-label
p < .001). The mean B3F (flashback frequency) also improved from
3.36 (several times a week, almost daily) before treatment to 0.48
(never, or once or twice a month) after treatment (single-blind
p = .001; open-label p < .001). The mean B3l (flashback intensity)
improved from 3.32 (severe, extreme) before treatment to 0.61
(none or mild) after treatment across both studies (single-blind,
p =.001; open-label, p < .001).

Patients in both studies reported improvements in IES-R, from an
aggregate average of 73.7 points before treatment to 40.3 A points
after 2 weeks of TP treatment (p < .001 for each study separately).
The definitions of complete remission and partial remission were de-
termined using the HAM-D (Frank et al., 1991) and the three-type
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TABLE 1 Descriptive summaries of
trihexyphenidyl administration to patients
between 2012 and 2019 in an open-label
and in a single-blind trial

Study design
Single-blind (n = 12)

Open-label (n = 22)
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Trihexyphenidyl
administration Variable Mean Minimum Maximum
Before B2F 3.58 2 4
B2I 3.58 2 4
B3F 3.42 2 4
B3l 3.5 2 4
IES-R 72.42 51 86
After B2F 0.58 3
B2l 0.67
B3F 0.5
B3I 0.67
IES-R 46.25 20 65
Before B2F 291 1
B2I 3.23
B3F 3.32
B3l 3.14 0 4
IES-R 74.95 54 88
After B2F 0.32
B2l 0.45
B3F 0.45
B3I 0.55
IES-R 34.36 18 62

Abbreviations: B2F, nightmare frequency; B2I, nightmare intensity; B3F, flashback frequency; B3I,
flashback intensity; IES-R, Impact of Event Scale-Revised.

scoring system previously described by Andreasen et al. (2005) for
depression and schizophrenia, respectively. There is no definition of
PTSD remission (Prien et al., 1991). Therefore, efficacy was defined
as complete remission of PTSD with a CAPS score of O (never, none)
or 1 (once or twice a month, mild). Across both studies, the effica-
cies of TP for nightmares only, flashbacks only, and both nightmares
and flashbacks were defined as O (never, none) or 1 (once or twice
a month) points for B2F and B3F. For nightmares, 23 individuals re-
ported O points, 7 individuals reported 1 point, and the overall effi-
cacy rate was 30/34 (88%). For flashbacks, 25 individuals reported
0 points and 2 individuals reported 1 point. The efficacy was higher
than expected in 27/34 (79%) patients. For both nightmares and
flashbacks, which are hallmarks of PTSD, 19 individuals reported O
points and 5 individuals reported 1 point. The overall efficacy rate
was 24/34 (71%).

Because of the potential impact of study design on the results,
we examined the effect of TP treatment and study design on ag-
gregated values using ordered logistic regression. For CAPS scores,
there was a significant effect of TP in reducing B2F, B2l, B3F, and
B3I, but no significant effect of study design (Table 3). For the IES-
R, linear regression was used to determine the effect of study de-
sign and TP. This analysis found a significant interaction between TP
treatment and study design (p < .02), suggesting that the effect of
TP on IES-R depends on whether the patient was in the open-label

versus. single-blind study.

3 | DISCUSSION

In a single patient, we observed that the administration of SB, a
peripheral anticholinergic drug that does not readily pass the BBB,
unrelated to PTSD, rapidly blocked chronic flashbacks and night-
mares. This coincidental case led to the hypothesis that a central-
acting anticholinergic agent with high BBB permeability, such as
TP, should demonstrate an even stronger effect on flashbacks and
nightmares, two hallmark symptoms of PTSD. Among the 34 pa-
tients with R-PTSD, the administration of TP exhibited 71%-88%
efficacy in the treatment of flashbacks and nightmares. In addi-
tion, the onset of action was rapid, and the effects were observed
1-1.5 hr after administration. This rapid onset of action is a critical
and major benefit for patients. Current medications used for PTSD
require 2-3 weeks after administration to take effect. In compari-
son, TP shows effectiveness between the second and third day
and 1 week after administration.

Patient A was intravenously administered an antibiotic and
SB, but the anticholinergic drug likely had a greater effect on the
flashbacks and nightmares. SB does not readily cross the BBB;
however, it has a strong clinical effect. The brain of Patient A was
likely in an abnormally excited state due to severe flashbacks and
nightmares. Brain regions likely to be activated include the amyg-
dala, hippocampus, and cortex, which are connected bidirection-

ally to the cholinergic basal ganglia, medial septum, diagonal band
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of Broca, and Meynert nucleus basalis. Abnormal excitation of the
Meynert nucleus basalis may stimulate the muscarinic receptors
of astrocytes and capillary endothelial cells, leading to the trans-
formation of BBB permeability (Arita, 2006). Abnormal excitation
of CH4: Meynert nucleus basalis may lead to abnormal permeabil-
ity of the BBB, allowing SB to demonstrate the same muscarinic
receptor blocking effects as scopolamine. No reports have indi-
cated whether peripheral SB may enter the brain or demonstrate
scopolamine-like activity. However, in this clinical case, SB, similar
to scopolamine, eliminated the flashbacks and nightmares (Jaffe
et al., 2013), suggesting that the drug demonstrated a similar mus-

carinic receptor blockade.

TABLE 2 Results for the test for the difference in the scores
of the various measurements after and before administration of
trihexyphenidyl or placebo

Mean

Study design Variable difference® p- value®

Single-blind (n = 12) B2F -3.00 .001
B2l -2.92 .001
B3F -2.92 .001
B3I -2.83 .001
IES-R -26.17 .0005
B2F_placebo -0.25 .250
B2l_placebo -0.33 125
B3F_placebo -0.17 .500
B3I_placebo -0.23 .250
IES-R_placebo -3.00 .0156

Open-label (n = 22) B2F -2.59 <.0001
B2l -2.77 <.0001
B3F -2.86 <.0001
B3I -2.59 <.0001
IES-R -40.59 <.0001

Abbreviations: B2F, nightmare frequency; B2I, nightmare intensity; B3F,
flashback frequency; B3I, flashback intensity; IES-R, Impact of Event
Scale-Revised.

Mean difference of the mean of the difference in the variables after
and before administration of trihexyphenidyl or placebo.

PThe p-values are from the Wilcoxon signed-rank-sum test using paired
observations within a patient.

Design (open-label versus.

Cholinergic nuclei, including the nucleus basalis of Meynert,
are located at the confluence of the limbic and reticular activating
systems, and they have widespread projections into the cortex and
amygdala (Mesulam, 2013). Meynert's nucleus basalis receives do-
paminergic input from the ventral tegmental area and substantia
nigra, serotonergic input from the raphe nuclei, and noradrenergic
input from the locus coeruleus. Its cholinergic contingent, Ch4, is
the principal source of ACh in the cerebral cortex, hippocampus,
and amygdala. In an experiment conducted on rats, Tonegawa
et al. (2014) reported that memories of unpleasant events stored
in the hippocampus can be eliminated by experiencing pleasant
events; however, memories of unpleasant events that are stored
in the amygdala cannot be erased. The amygdala plays a key role
in the mechanisms leading to PTSD, and Meynert's nucleus basa-
lis is closely connected to the amygdala in a bidirectional manner
(Arita, 2006; Mesulam, 2013, Tonegawa et al., 2014). This makes
it likely to be deeply involved in the generation of flashbacks and
nightmares. In a study on the onset mechanism of intrusive memo-
ries (flashbacks) using fMRI, Bourne (2013) reported that flashbacks
are associated with a widespread increase in activation, including in
the amygdala, striatum, rostral anterior cingulate cortex, thalamus,
and ventral occipital cortex. Liberzon (2008) reported that the me-
dial prefrontal cortex, amygdala, sublenticular extended amygdala,
and hippocampus mediate symptom formation in PTSD. Fitzgerald
(2018) showed that emotional dysregulation in PTSD develops from
complications within a large neurocircuitry involving the amygdala,
insula, hippocampus, anterior cingulate cortex, and medial prefrontal
cortex. However, the ACh-based basal forebrain located at the rear
end of the forebrain cortex was not examined using fMRI; thus, the
relationship between PTSD and the ACh-based basal forebrain was
not addressed.

Trihexyphenidyl administration was highly effective in reduc-
ing both flashbacks and nightmares, and PTSD is thought to in-
volve ACh. McLay (2007) showed that PTSD-like symptoms are
induced by an increase in ACh release caused by acetylcholines-
terase inhibitors. A patient who had served during the Vietnam
War and suffered from PTSD later suffered cerebral infarction and
dementia. Upon administration of acetylcholinesterase inhibitors
to improve his dementia, the patient exhibited PTSD-like symp-
toms caused by an increase in ACh release. Anticholinergics have
been suggested to help improve fear memory-related symptoms

in PTSD. In an experiment conducted on rats, Mitsushima et al.

TABLE 3 Odds ratio estimate for the
effect of trihexyphenidyl treatment and

Effect of trihexyphenidyl single-blind) .
Measurements Odds ratio (95% CI) Odds ratio (95% ClI) design type on B,2F’, B2l, BgFﬁ and B3l
from ordered logistic regression
B2F 0.006 (0.001; 0.031) 0.366(0.133; 1.005)
B2l 0.004 (< 0.001; 0.025) 0.474 (0.175; 1.286)
B3F 0.007 (0.001; 0.037) 0.938(0.327; 2.694)
B3I 0.11 (0.003; 0.049) 0.702 (0.254; 1.936)

Abbreviations: B2F, nightmare frequency; B2I, nightmare intensity; B3F, flashback frequency; B3I,

flashback intensity.
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(2013) found that when fear memories are formed, a-amino-3-
hydroxy-5-methyl-4-isoxazolepropionic acid glutamate receptors
are delivered to the synapses formed within the CA3 and CA1
regions of the hippocampus, and this delivery was mediated by
increased ACh release. One potential mechanism of action of TP is
the inhibition of the elevated release of ACh caused by the abnor-
mal release of ACh in memory-related structures, which is a hypo-
thetical mechanism underlying flashback onset. In a recent study
of TP in arodent PTSD model, a single TP treatment prevented de-
velopment of PTSD-like behavior and inhibited aversive fear mem-
ory formation (Kaur et al., 2020). The results of the current trials
suggest that TP can also reduce flashbacks after formation, likely
through a similar anticholinergic effect on memory. As flashbacks
improved, nightmares became more simultaneous and similar to
flashbacks. This increased simultaneity and equivalence during re-
covery suggest that the mechanisms underlying both nightmares
and flashbacks in the brain are potentially related to the effect of
ACh on memory.

Trihexyphenidyl was also effective in relieving nightmares in
patients with PTSD. Cholinergic activity is associated with REM
sleep and the state of sleep during which dreams occur. In an
experiment involving cats, Jasper (1971) found that the rate of
release of free Ach during slow-wave sleep (1.2 nanograms per
minute per square centimeter of cortical surface) increased during
REM sleep (2.2 nanograms per minute) and arousal (2.1 nanograms
per minute). They also reported that ACh release was greater
during REM sleep than during arousal. This increase in ACh release
is possibly due to the propagation of POG waves by Ch5 and Ché
neurons in the pons (American Academy of Sleep Medicine, 2005).
Kobayashi (2007) reported polysomnographically measured sleep
abnormalities in PTSD, and patients with R-PTSD had greater REM
density than healthy individuals. Singareddy (2002) showed that
polysomnographic investigations frequently report REM sleep ab-
normalities in patients with PTSD. Unlike the regular REM sleep
of healthy individuals, there is likely an abnormally elevated re-
lease of ACh during REM sleep in patients with PTSD. Patients
administered TP reported nonvisual dream experiences, in which
the dreams were felt to occur without a sense of visual perception.
We did not find any reports on this phenomenon. According to the
activation-input source-neuromodulation hypotheses of Hobson
(1977, 2000), ACh neurotransmission from CH5 and CHé during
REM sleep ultimately reaches the occipital lobe. We hypothesize
that the anticholinergic effects of TP initially act on memory-
related structures, such as the hippocampus and amygdala, and
later the occipital lobe, leading to nonvisual dreams. Of the 30
investigated individuals, 25 (83%) endorsed this phenomenon.
Future imaging studies can further elucidate the mechanisms un-
derlying these nonvisual dream experiences.

Trihexyphenidyl showed remarkable effects on R-PTSD-related
flashbacks and nightmares, with greater efficacy and faster action
than anticipated. The patients' quality of life improved; however,
two cases had been stable, but their PTSD symptoms worsened due

to exacerbation of external factors. One patient, who was sexually
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abused by the father in the past, was hospitalized for translocation
therapy, but for personal reasons had to live in the father's house,
which led to the deterioration of their PTSD. Similarly, another pa-
tient who had been violently abused by the mother in the past had
nightmares and flashbacks on the day she called as well as on the
following day. Hospitalized patients showed improvements after
3-4 days of translocation therapy. Therefore, psychotherapy is an
important addition to TP drug therapy. Other patients who were
part of the trial were also taking concomitant psychiatric medica-
tions, and a few patients were taking appropriate psychiatric drugs
and energetically adapting to their daily and social lives. Based on
these initial results, TP may be an important therapeutic add-on for
R-PTSD flashbacks and nightmares.

The present study had some limitations. First, we were unable
to conduct a randomized controlled trial because of the limited
number of patients with refractory disease at the clinic. We con-
ducted an open-label trial (n = 22) to gain initial experience with a
novel mechanism of action and a single-blind trial (n = 12) to further
expand on this experience. Patients enrolled in our trial randomly
visited our clinic between 2012 and 2019 and were refractory to
drug treatment. To explore the potential bias of these designs on
the results, we conducted regression analyses that aggregated pa-
tients and explored the impact of study design and TP on the results.
Interestingly, while the study design did not affect the treatment
effect of TP on CAPS scores, there was a significant interaction be-
tween TP treatment and study design in IES-R scores, although each
study separately showed a significant effect of TP on IES-R scores.
These results suggest that the IES-R, as a self-reported instrument,
may amplify treatment effects during open-label studies. Future
studies should focus on clinician-administered scales, such as the
CAPS, and include self-reported scales as secondary endpoints.

TP was added without removing any other drugs because we be-
lieved that it may be difficult to determine the action of TP due to
withdrawal effects. We also acknowledge the possibility that the ini-
tial effect in Patient A following treatment with SB may be a placebo
effect or an effect of other medical treatments; SB has a low brain
penetration, although we cannot rule out the possibility that SB has
a central effect even with this limited brain penetration. Because
the study was conducted at a single site, it is difficult to generalize
these findings to a broader population or in other clinical settings.
Despite these limitations, the rapid and potent effects of TP in the
subsequent open-label trial and SBT emphasize the need for larger
placebo-controlled randomized controlled trials to validate the ef-
fects we observed.

4 | CONCLUSIONS

e A case report showed that R-PTSD-related flashbacks resolved
20 min after receiving SB, a peripheral anticholinergic agent.

e TP, a centrally acting anticholinergic drug, has efficacy and a
rapid onset in the treatment of R-PTSD-related nightmares and
flashbacks
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e To the best of our knowledge, this is the first pharmacologi-
cal report describing the novel use of TP for R-PTSD-related
nightmares.

e TP is an existing drug that has been used for over 65 years and is
inexpensive and has no adverse effects.

o We strongly support the potential of repurposing TP for the treat-
ment of PTSD-related nightmares and flashbacks.

5 | SUBJECTS AND METHODS
5.1 | Trial institution

The trial institution was the Sogo PTSD Institute of the Sogo Clinic
in Hiroshima City, Japan. The study administrators were Katsumasa
Sogo (MD), Masanobu Sogo (MD), Yoshie Okawa (Pharm D), two
nurses, and two medical staff. Each study administrator evaluated
the physical and mental status and general vital signs of all patients.
In the event of an emergency, the patients were instructed to call
their respective clinician or physician. The trial results have been
safely and privately kept at the Sago clinic, where only authorized

personnel are allowed access.

5.2 | Ethics

The present study was approved by the Ethics Committee of
Warakukai Corporation on 30 November 2012 (Gen Ooi, MD,
Chairman of the Ethics Committee, Professor Emeritus of the
University of Tokyo, and the former Director of the National
Institute for Environmental Studies; Clinical Trial Registry: UMIN
trial ID, UMINO00028461). Patients with R-PTSD treated at our
clinic between September 2012 and October 2019 were recruited
for the trial, which was completed in October 2019. They were pro-
vided informed consent forms, as per the WHO guidelines, to be
filled before the trial.

5.3 | Study subjects

The study included 34 patients examined at our clinic between
2012 and 2019 who had been diagnosed with R-PTSD based on
the DSM-5. The included patients were aged 18-55 years (for an-
ticholinergics) and had total bilirubin levels of less than 20 mg/dl
and a platelet count of 70,000 mm or higher. The exclusion criteria
were as follows: (a) patients treated with the same drug in the past;
(b) patients who had already participated in other trials within the
last 6 months; (c) patients with dementia; and (d) patients who were
pregnant or lactating.

Twenty-two patients were recruited in the open-label trial,
whereas the remaining 12 patients were enrolled in the SBT. Two
patients experienced nightmares but not flashbacks; in contrast,

two other patients experienced flashbacks but not nightmares.

Other patients with PTSD experienced nightmares and flashbacks.
Accordingly, most patients with PTSD and nightmares also expe-
rience flashbacks. At the initial consultation, the patients' ages
ranged from 22 to 44 years. The time of onset ranged from 22 to
52 years, the mean duration from onset to treatment at our clinic
was 5 + 7 years, and the male-to-female ratio was 4:30.

Some studies use the term TR-PTSD for R-PTSD (Schoenfeld
et al., 2013; Dunlop et al., 2014; Peuskens, 1999; Sackeim, 2001);
however, the definition of “treatment resistance” is yet to be es-
tablished. As mentioned before, patients with R-PTSD received
multiple long-term treatments with several psychopharmaceuticals
that were considered effective but were not found to be effective
for nightmares and flashbacks. These patients continued with any
medications they had been taking at enroliment. Most patients with
PTSD had other concurrent mental disorders, including schizophre-
nia (n = 3), Asperger's syndrome (n = 2), and attention-deficit and

hyperactivity disorder (n = 1).

5.4 | Intervention

During the week following enrollment, the patients were admin-
istered TP at a dose of 2 mg two or three times a day (morning,
noon, and night or morning and night), with night doses 1 hr be-
fore bedtime. The patients were asked to visit the hospital after
2 weeks of evaluation. Patients reported effects within 1-1.5 hr
after TP administration; therefore, a prolonged evaluation period
of several weeks was not required for TP. TP was administered for

1-3 weeks.

5.5 | Evaluation

We analyzed the treatment outcomes of 34 patients who were ad-
ministered TP, for whom the results were already known (open-label
trial). The 12 patients enrolled in the SBT were evaluated using the
CAPS and Impact of Event Scale-Revised (IES-R). The general clinical
features of the patients were determined by evaluating the overall
effects using the Japanese version of the IER-S (Asukai et al., 2002).

The gold standard assessment method for PTSD (1995) was
used in this study. It is a 30-item structured interview that can
be used for current (past month or week) and lifetime diagnoses
of PTSD. Of the questions, three pertained to memory. Item 1
(B1) is explained as recurrent, involuntary, intrusive, and distress-
ing memories of traumatic events. Item 2 (B2) refers to recurrent
distressing dreams with content and/or effects related to events.
Item 3 (B3) includes dissociative reactions (e.g., flashbacks) char-
acterized by individual feelings or simulating the recurrence of
traumatic events (such reactions may occur on a continuum, with
the most extreme expression being a complete loss of awareness
of the present surroundings). B2 and B3 were used to evaluate
the effect of TP on nightmares and flashbacks, respectively. The

responses were evaluated according to frequency (0 = never,
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1 = once or twice a month, 2 = once or twice a week, 3 = several
times a week, and 4 = daily or almost daily) and intensity (O, none;
1, mild; 2, moderate; 3, severe; and 4, extreme).

Complete remission was characterized by the resolution of
nightmares and flashbacks for at least 3 months, and the patients
reported having good interpersonal relationships, had been suc-
cessfully rehabilitated, and were constantly stable mentally and
physically for at least 3 months. Furthermore, partial remission was
characterized by a general improvement in the patients after drug
administration, even though the nightmares and flashbacks had not
resolved but had considerably improved. A CAPS score of 0-1 in-
dicated complete remission, whereas a score of 2 indicated partial
remission. All patients experienced significant stress that worsened
when they recalled memories of stressful past events. Blood tests,
electrocardiography, intraocular pressure measurements, and elec-
troencephalography were regularly performed for all 34 patients

who were administered TP.

5.6 | Statistical analysis

Statistical analyses were performed for B2 (nightmares) and B3
(flashbacks) using CAPS and IES-R. B2 and B3 are memory items in
the CAPS test, and IES-R is a psychological test aimed at creating a
detailed picture of individual PTSD cases. We analyzed the pre- and
postadministration outcomes using the Wilcoxon signed-rank test
and SPSS 24 software (IBM SPSS Statistics).
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